A longitudinal population study of 1462 women aged 38-60 was carried out in Gothenburg, Sweden, in 1968-9. In univariate analysis the ratio of waist to hip circumference showed a significant positive association with the 12 year incidence of myocardial infarction, angina pectoris, stroke, and death. The association with incidence of myocardial infarction remained in multivariate analysis and was independent of age, body mass index, smoking habit, serum cholesterol concentration, serum triglyceride concentration, and systolic blood pressure.
Introduction
The possible relation between obesity and cardiovascular disease has been the subject of great controversy. Interest has been focused mainly on quantity of adipose tissue and less on its distribution. Krotkiewski et al showed in a cross sectional study of men and women that cardiovascular risk factors such as hypertension, hypertriglyceridaemia, hyperinsulinaemia, and glucose intolerance were more pronounced in subjects with a masculine type of adipose tissue distribution-that is, in subjects with a high ratio of waist to hip circumference.' Similar cross sectional results from Kissebah et al, ' Hartz et al,3 and Szathmary and Holt4 have recently been published. On the basis of these cross sectional findings we investigated whether the distribution of adipose tissue was important for the incidence of cardiovascular disease in subjects taking part in longitudinal population studies in Gothenburg. As recently reported in this journal, a high ratio of waist to hip circumference was associated with an increased risk of ischaemic heart disease in men during 13 years' follow Up5 despite indices and measures of total obesity having no predictive power. In the present study we examined a representative population sample of women followed up over 12 years.
Subjects and methods
In 1968-9 we studied 1462 women in Gothenburg, Sweden, aged 38, 46, 50, 54, or 60. The systematic sampling method, based on date of birth, and a high participation rate (901'I) ensured that the participants were a representative cross section of women from the community of the ages studied. Table I shows the numbers of Angina pectoris-During an interview patients were asked whether they had a history of chest pain. A diagnosis of angina pectoris was accepted when the criteria on the questionnaire proposed by Rose"3 were fulfilled.
Electrocardiographic changes suggesting ischaemic heart diseaseElectrocardiography was performed on all participants at rest in 1968-9 and in 1980-1. Minnesota codes 1.1-2, 4.1, 5.1-2 (in the absence of 3.1), 6.1, and 7.1 were defined as electrocardiographic changes suggesting ischaemic heart disease.
Stroke-Stroke was defined as described by Harmsen and Tibblin."4 If non-fatal, diagnosis at the hospital was required. Stroke was also registered for subjects who showed signs consistent with a recent cerebrovascular accident at postmortem examination and for subjects in whom stroke was recorded as the major cause of death on their death certificate.
Death-Confirmation of whether the women were alive or dead at the end of the 12 years was obtained for 1458 (99 7o/0) of the initial participants. Death certificates were obtained for all participants who died. Necropsies were performed in five (630",) of patients dying from myocardial infarction and in 27 (4000) of 67 women in whom myocardial infarction had not been diagnosed in the death certificate.
Patients with findings positive for myocardial infarction at the initial examination were excluded when the risk for myocardial infarction as an end point was assessed. Similarly, patients already with findings positive for other end points at the initial examination were excluded in the final calculations for corresponding end points. Figure 1 illustrates the positive relation between the waist to hip ratio and age.
Baseline anthropometric variables and end points-As age is an important confounding factor, being associated both with the ratio of waist to hip circumference and with most of the end points studied, age was considered in all our calculations. were body mass index, subscapular skinfold thickness, sum of two skinfold thicknesses, waist circumference, and waist to hip ratio. Angina pectoris was related to waist circumference and to waist to hip ratio. Electrocardiographic changes suggesting ischaemic heart disease were related to body mass index. Stroke was associated only with the ratio of waist to hip circumference, and death from any cause was correlated with this ratio as well as with the skinfold ratio. The waist to hip ratio seemed to be stronger and more consistently correlated with the end points than were indices of general obesity (body mass index, sum of skinfolds). Table IV presents the 12 year age specific incidences of myocardial infarction, stroke, and death by centiles of the waist to hip ratio. The risk ratio between the highest quintile and the lowest quintile was 8 2 for myocardial infarction, 3 8 for stroke, and 2-0 for death from any cause. When comparing women in the top 500, of the distribution with those in the lowest quintile the risk ratios were 14 8, 11 0, and 4 8 for the three end points, respectively. Among the 140 (10°0) women with the lowest ratio of waist to hip circumference not a single woman developed myocardial infarction or stroke. To illustrate the relation between the ratio of waist to hip circumference and end points in another way we studied the highest and the lowest age specific quintiles of the waist to hip ratio in a life table analysis. Figure 2 shows the probability of avoiding myocardial infarction and death during the 12 year follow up for the highest and lowest quintiles of the waist to hip ratio. Significant differences were observed with both myocardial infarction (p 0 001) and death (p=0 0003). Because of the strong associations found not only between the ratio of waist to hip circumference and the degree of obesity but also between this ratio and other traditional risk factors for cardiovascular disease, multivariate analyses were performed to assess the independent association between waist to hip ratio and the studied end points. Table V shows the association between the waist to hip ratio and the end points myocardial infarction, angina pectoris, electrocardiographic changes suggesting ischaemic heart disease, stroke, and death when age, body mass index, and other selected traditional risk factors for cardiovascular disease were taken into account as background variables in a non-parametric permutation. test. For myocardial infarction, stroke, and death the waist to hip ratio remained a significant risk factor when age plus body mass index were accounted for. The ratio of waist to hip circumference correlated significantly with myocardial infarction when, in addition to age and body mass index, either smoking habit, triglyceride concentration, cholesterol concentration, or systolic blood pressure was considered as a confounder. When women with silent myocardial infarction were included the p values were about the same for all end points studied as when not included.
When the combined influence of the waist to hip ratio and the body mass index were studied (table VI) there was a tendency for an increased risk of myocardial infarction and death with increasing waist to hip ratio in all tertiles of body mass index. One exception to this tendency was the high risk of death (7-60' ) in the lowest tertile of both the waist to hip ratio and body mass index. 
Discussion
The relation between obesity and cardiovascular disease has been much discussed during the past decades.'9 2i" Many reports from insurance companies, based on observations since the beginning of this century, have shown a significant relation as reviewed in a previous report. 2 0 This report also dealt with prospective studies that were not able to show any association between obesity and cardiovascular disease. In a recent report from the Framingham study, however, obesity was found to be a risk factor for cardiovascular disease independently of age, systolic blood pressure, serum cholesterol concentration, cigarette smoking, and glucose intolerance.21 A relation between obesity and cardiovascular disease was also observed in a Norwegian longitudinal study of 1 700 000 subjects. 22 In the studies showing a relation between obesity and cardiovascular disease a long observation period (10-26 years) has been required to prove the association. One possible reason for this might be that only a subgroup of the obese population is associated with an increased risk. If so, a long observation period would be expected before the subgroup had any impact on the risk for all obese subjects.
Our cross sectional results indicated that subjects with a typically masculine distribution of adipose tissue (high waist to hip ratio) might constitute such a subgroup.' The finding that a high ratio of waist to hip circumference was associated with cardiovascular risk factors in both sexes prompted us to investigate if this ratio had a predictive power in population studies going on in Gothenburg. In a follow up study of men in Gothenburg there was no association between degree of obesity measured as body mass index or as the sum of three skinfold thicknesses on one hand and incidence of myocardial infarction or death on the other but the ratio of waist to hip circumference was found to be related to incidence of cardiovascular disease and death even when the possible confounding effect of body mass index and sum of three skinfold thicknesses were taken into consideration. 5 We therefore investigated whether a masculine distribution of adipose tissue increased the risk in women also. The present report strongly suggests that this is in fact the case. Although general indices of obesity, such as body mass index or sum of skinfold thicknesses, predicted myocardial infarction in women, the waist to hip ratio was a much stronger predictor in this respect. Unlike body mass index and sum of skinfold thicknesses, the ratio also predicted angina pectoris, stroke, and total mortality with convincing levels of significance. Most of these predictions were independent of age, body mass index, and either systolic blood pressure, serum cholesterol concentration, or smoking habit. The addition of serum triglyceride concentration as a background variable to age and body mass index removed the correlation between the ratio of waist to hip circumference and all end points except for myocardial infarction. When using several background variables the Pitman permutation test loses power, and we must be cautious about conclusions concerning the disappearance of significances observed when triglyceride concentration was included as a background variable.
Interpreting the associations found in terms of causality is difficult, but the high and independent relations observed in this study speak in favour of a causal relation. Similar results with a high correlation between the distribution of adipose tissue and cardiovascular disease were also observed in men in Gothenburg.5 Both studies were prospective with high participation rates and with participants who were representative of the general population. The consistent results in the two studies is another indication of a causal relation. Furthermore, there might be pathophysiological mechanisms that could in part explain a causal relation. An increased abdominal distribution per se of fat could be one possible explanation as discussed in previous reports.' 5 19 Alternative or contributing explanations could hypothetically be that certain sex hormones or other internal or external factors might both determine the distribution of adipose tissue and influence the risk of cardiovascular disease.
No intervention study has yet shown that a changed distribution of fat will reduce cardiovascular morbidity or total mortality; such a finding would be stronger proof of a causal relation. Our findings suggest that studies of reduction of body weight and concomitantly of the ratio of waist to hip circumference in subjects in whom this index is increased are urgently needed.
The effect of such intervention should be studied with respect to risks for cardiovascular disease.
that they really have symptoms, that there is a risk of acute hypercalcaemia, that progressive osteopenia may occur, that medical follow up is expensive, and that if surgery is deferred the patient may be unfit for operation when indications for surgery do appear.1 9 13-16
While these arguments continue in respect of patients with mild hypercalcaemia, most physicians advise an early parathyroid exploration for all, or almost all, patients with more severe hypercalcaemia. We describe a series of patients with hyperparathyroidism and serum calcium values of 2-75 mmol/l 321 315 3-3 3 3o1. 
